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ETATS-UNIS D'AMERIQUE 
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/ 


International application Na 
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Applicant's or agent's file reference 
P1999S004 


International filing date (day/month/year) 

11 August 2000 (11.08.00) 


Prioritv date (day/month/year) 
17 August 1999(17.08.99) 


Applicant 

HOLT, David, Gary, Lawton 



1. The designated Office is hereby notified of its election made: 

I X| in the demand filed with the International Preliminary Examining Authority on: 

13 March 2001 (13.03.01) 



I I in a notice effecting later election filed with the International Bureau on: 



2. The election [ X| 

□ 



was not 



made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 



The International Bureau of WlPO 


Authorized officer 


34, chemin des Colombettes 


Jean-Marie McAdams 


1211 Geneva 20, Switzerland 




Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 



Form PCT/IB/331 (July 1992) 



EP0007910 



(12) INTERNATIONAL APq^HVTION PUBLISHED UNDER THE PATEN >PERAT10N TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 




(43) International Publication Date (10) International Publication Number 

22 February 2001 (22.02.2001) pCT WO 01/12762 Al 

(51) International Patent Classification^: ClOM 163/00 // Lawton [GB/US]; 18 Saddler Drive. Medtord. NJ 08055 

(ClOM 163/00, 159:12, 129:42, 129:93) (US). 

(21) International Application Number: PCT/EPOO/07910 (74) Agents: DEW, Melvyn, John et al.; ExxonMobil Chemi- 

cal Europe Inc., P.O. Box 105, B-1830 Machelen (BE). 

(22) International Filing Date: 1 1 August 2000 (1 1.08.2000) 

(81) Designated States (national): CA, JP, SG. US. 

(25) Filing Language: English 

(84) Designated States (regional): European patent (AT, BE, 

(26) Publication Language: English CH, CY, DE, OK, ES, H, PR, GB, GR, IE, IT, LU. MC. 

NL. PT, SE). 

(30) Priority Data: 

9919490.4 17 August 1999(17.08.1999) GB Published: 

— Mth international search report. 
(71) Applicant (for all designated States except US): EXXON- — Be/ore the expiration of the time limit for amending the 

MOBIL RESEARCH AND ENGINEERING COM- claims and to be republished in the event of receipt of 

PANY [US/US]; 1545 Route 22 East, Clinton Township. amendments. 

Annandale, NJ 08801 (US). 

^ For two-letter codes and other abbreviations, refer to the "Guid- 

= (72) Inventor; and v ance Notes on Codes and Abbreviations" appearing at the begin- 

S (75) Inventor/Applicant (for US o/?/vj;|HOLT, David, Gary^ ning of each regular issue of the PCT Gazette. 





^ (54) Title: CRYSTAL FORMATION INHIBITION IN LUBRICATING COMPOSITIONS 

^Z^ (57) Abstract: Lubricating oil formulations comprising base oil, such sulfur-phosphorous anti-wear/extreme pressure agents and 
such hindered phenol antioxidants which anti-wear/exireme-pressure agents and hindered phenolic antioxidants are prone to react 

^5 and form crystals wherein the base oil is characterized as having a saturates content of less than 99 % which base oil is stabilized 
against the above mentioned crystal formation by the addition of a minor amount of a high molecular weight di- or polycarboxylic 
acid anhydride, or mixture thereof. 



^^^^^ For receiving Ofllce use only - 
International Application No. 

REQUEST 

International Filing Date 

The undersigned requests thai the present 
international application be processed 

according to Ihe Patent Cooperation Treaty. Name of receiving Office and "PCT International Application" 



Applicant's or agent's file reference 

(if desiredj (12 characters ma^ximum) P1999S004 



Box No. I TITLE OF INVENTION 

STABILIZED LUBRICATING FORMULATION AND METHOD 


Box No. II APPLICANT 


Name and address: (Family name followed by given name; for a legal enticy.fuU ojjicial 
desimation. The address must include postal code and name of cottnny. The country of the 
address indicated in this Box is the applicant *s State (that is, country) of residence if no State 
of residence is indicated below,} 

EXXON RESEARCH AND ENGINEERING COMPANY 

Exxon Mobil Corporation 

Downstream Law, Research and Engineering 

1545 Route 22 East 

Annandale, NJ 08801-0900 

USA 


j 1 This person is also inventor. 


Telephone No. 


Facsimile No. 


Teleprinter No. 


State (dial is, country) of nationaIit>': 


State (tftat is, country) of residence: 


This person is applicant r "| all designated rTTl all designated States except | 1 the United Stales 1 1 the Stales indicated in 

for the purposes of: 1 1 States 1 X 1 the United States of America | | of America only 1 Ithe Supplemer.tal Box 


Box No. Ill FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 


Name and address: (Family name followed by given name; for a legal entity, full official 
designation. The address must include postal code and name of country. The country of the 
address indicated in this Bo.x is the applicant 's State (that is, country) of residence if no State 
of residence is indicated below.) 

HOLT, David Gary Lawton 
18 Saddler Drive 
Medford, NJ 08055 
USA 


This person is: 

[ 1 applicant only 

applicant and inventor 

I inventor only (If {his clw:<-bo.x 
is marked, do not fill in bel:'>^\) 


Stale (that is, country) of nationa!it>': 

UK 


Stale (thai is. countn) of residence: 

us 


This person is applicant r | all designated 1 1 all designated States except r~j the United States. f 1 the States i-i: rated in 
for the purposes of: ! 1 States 1 1 the United Slates of Ajnerica LX— 1 of America only 1 1 the Supplerr.ir.tal Box 


1 1 Further applicants and'or (further) inventors are indicated on a continuation sheet. 


Box No. IV AGENT OR COMMON REPRESENTATIVE: OR ADDRESS FOR CORRESPONDENCE 


The person identified below is hereby/has been appointed to act on behalf R71 1 j ^„„,^,,« 

of the applicant(s) before the competent International Authorities as: [X| LJ rcpre>^....ali% e 


Name and address: (Family name followed by given name; for a legal entity, full official 
designation. Ttie address must include postal code and name of country.) 

DEW, Melvyn John ; MARESCHAL . Anne M. ; VELDHUIZEN, 

Albert Dirk Willem 

ExxonMobil Chemical Europe Inc. 

P.O. BOX 105 

B-1830 MACHELEN 

BELGIUM 


Telephone No. 

+32-2-722.2268 


Facsimile No. 

+32-2-722.2299 


Teleprinter No. 


1 1 Address for corrcspoiidoiictf: Mark this check-box where no aucnt or common representative is 'has been appointed ar.J the 
1 1 space above is used instead to indicate u special address to whicli correspondence should be sent. 



Form PCT'RO 101 (first sheet) (July I99S. reprint July 2000) See Sous lu the r^\::tes! form 



m 

PCX 



Box No.V 



DESIGNATION OF STATES 




Sheet No. 



The following designations arc hereby made under Rule 4.9(a) (mark the appiicable check-boxes: ai least one must be marked): 
Regional Patent 

□ AP ARIPO Patent: GH Ghana, CM Gambia, KE Kenya, LS Lesotho, MW Malawi, MZ Mozambique, SD Sudan, SL Sierra Leone. 

SZ Swaziland, TZ United Republic of Tanzania, UG Uganda, Z\V Zimbabwe^ and any other State which is a Contracting State 
of the Harare Protocol and of the PCT 

□ EA Eurasian Patent: AM Armenia, AZ Azerbaijan, BY Belarus. KG Kyrgyzstan, KZ Kazakhstan, MD Republic of Moldova, 

RU Russian Federation, TJ Tajikistan,TM Turkmenistan, and anyotherStatewhich is a Contracting State of the Eurasian Patent 
Convention and of the PCT 

U3r EP European Patent: AT Austria, BE Belgium, CH and LI Switzerland and Liechtenstein, CY Cyprus, DE Germany, 
^ DK Denmark, ES Spain, Fl Finland, FR France, GB United Kingdom, GR Greece, IE Ireland, IT Italy, LU Luxembourg. 

MC Monaco, NL Netherlands, FT Portugal, SE Sweden, and any other Stale which is a Contracting State ofthe European Patent 

Convention and of the PCT 

□ OA 0.\PI Patent: BF Burkina Faso, BJ Benin, CF Central African Republic, CG Congo, CI Cote d'lvoire, CM Cameroon, 

G A Gabon, GN Guinea, GVV Guinea-Bissau, M L Mali, M R Mauritania, NE Niger, SN Senegal, TD Chad, TG Togo, and any 
other Slate which is a member Stale of OAPI and a Contracting State of the PCT (i/ other kind ofprotection or treatment desired, 

specify on dotted line) 

National Patent (if other kind of protection or treatment desired, specify on dotted line): 

□ AE United Arab Emirates Q 

□ AG Antigua and Barbuda Q LK 

□ AL Albania q LI^ 

□ AM Armenia □ LS 



□ AT Austria Q lt 

□ AU Australia □ nj 

□ AZ Azerbaijan Q lv 

□ BA Bosnia and Herzegovina □ MA 

□ BB Barbados □ MD 

□ BG Bulgaria □ MG 

□ BR Brazil □ MK 

□ BV Belarus □ MN 

□ BZ Belize □ M\v Malawi 

□ CA Canada □ MX Mexico 



Saml Lucia 
Sri Lanka 
Liberia 

Lesotho 

Lithuania 
Luxembourg 
Latvia 

Morocco 

Republic of Moldova 

Madagascar 

The former Yugoslav Republic of Macedonia 
Mongolia 



CH and LI Switzerland and Liechtenstein 

□ CN China 

□ CR Costa Rica □ 

□ CU Cuba □ 

□ CZ Czech Republic □ 

□ DE Germany Q 

□ DK Denmark □ 



□ DM uominica 

□ DZ Algeria □ SE 

□ EE Estonia KJ SG 

□ ES Spain □ SI 

□ Fl Finland □ SK 

□ GB United Kingdom □ SL 

□ GD Grenada □ tJ 
n GE Georgia ; □ TM 

□ GH Ghana □ TR 

□ cm Gambia 



□ MZ Mozambique 

□ NO Norway 

NZ New Zealand 

PL Poland 

PT Portugal 

RO Romania 

RU Russian Federation 

□ SD Sudan 
Sweden 
Singapore 

Slovenia 

Slovakia 

Sierra Leone 

Tajikistan 

Turkmenistan 

Turkey 

□ TT Trinidad and Tobago 

United Republic of Tanzania 

Ukraine 

Uganda 

United Slates of America . . 

Uzbekistan 

\'iet Nam 

^'ugoslavia 

South Africa 

Zimbabwe 



□ HR Croatia □ TZ 

□ HU Hungary □ UA 

□ ID Indonesia □ UG 

□ IL Israel KJC US 

□ IN India □ UZ 

□ IS Iceland ' □ N'N 
SkJI' Japan □ YU 

□ KE Kenya □ ZA 

□ KG Kyrgyzstan □ ZW 

O KP Democratic People's Republic of Korea Check-box reserved for designating Stales which have become 

□ KR Republic of Korea P-^''^> issuance of this sheet: 

□ KZ Kazakhstan □ 

Precautionary l>csi<;nation Statement: In addition to the designations made above, the applicant also makes under Rule 4.9(b} a!! other 
designations which would be permitted under the PCT except any designation^) indicated in the Supplemental Box as being excluded 
from the scope of this statement. The applicant declares that those additional designations are subject to confirmation and that any 
designation which is not confimied before the expiration of 1 5 months from the priority date is to be regarded as withdrawn by the applicant 
at the expiration of thai lime limit. (Confirmation fmchtdin^fees) tmuiUvtwh thcrtveiving Office wit/tin the IS-month timelimit.) 



Konn PCT/RO/IOI (second sheet) (July 2000) 



See Notes to the ret^uest form 



Box No. VI PRIORITY CLAIM 



Filing date 
of earlier application 
(day/month/year) 



Sheet No. . . .3 , 



Number 
of earlier application 



□ r jrther priority claim !^JP)di cated in the Supplem ental Box. 
Where earlier application is: 



national application: 
country 



regional application:* 
regional Office 



international application: 
receiving Office 



item (1) 
17 AUGUST 1999 



9919490.4 



UK 



item (2) 



item (3) 



I I The receiving Office is requested to prepare and transmit to the International Bureau a certified copy 
of the earlier appltcation(s) (only if the earlier application was filed with the Office which for the 
purposes of the present international application is the receiving Office) identified above as item(s): 

• Where the earlier application is an ARIPO application, it is mandatory to indicate in the Supplemental Box at least one country party to the Paris 
Convention for the Protection of Industrial Property for which that earlier application was filed (Rule 4. l()(b)(ii)h See Suppie.-nental Box. 



Box No. VII INTERNATIONAL SEARCHING AUTHORITY 



Chotceof International Searching Authority (ISA) 
(if two or more International Searching Authorities are 
competent to carry out the international search, indicate 
the Authority chosen; the two-letter code may be used) : 

ISA/ EP 



Request to use results of earlier search; reference to that search (if an earlier 
search has been carried out by or requested from the International Searching Auihorityj: 



Date (day/month/year) 



Number 



Country (or re^iorjsl Office) 



BoxNo.VIU CHECK LIST; LANGUAGE OF FILING 



This international application contains 
the following number of sheets: 

: 3 



request 

description (excluding 
sequence listing part) 

claims 

abstract 

drawings 

sequence listing part 
of description 

Total number of sheets 



15 

3 
1 



22 



This international application is accompanied by the item(s) marked below: 

1 . Q fee calculation sheet 

2. □ separate signed power of attorney 

3. Q copy of general power of attorney; reference number, if any: 55 ^ 18825 

4. □ statement explaining lack of signature 

5. □ priority document(s) identified in Box No. VI as item(s): 

6. □ translation of international application into (language): 

7. □ separate indications concerning deposited microorganism or oihsr biological material 
S. □ nucleotide and/or amino acid sequence listing in computer readable form 

9, \2 oxhcT (specify): Acknowledgement of receipt form 



Figure of the drawings which 
should accompany the abstract: 


Language of filing of the pti 

international application: F-'^ 


Box No. IX SIGNATURE OF APPLICANT OR AGENT 



Next to each si^natitre, indicate the name of the person sisnini* and the capacity in which the person .v(y/t¥ (if such capacity w not ohvitnafntni reading tkf rxufuestj. 



Q 



Anne Mareschal 

General Authorization No. 55 





1. Date of actual receipt of the purported 
inlemational application: 


2. Drawir.gs: 
[ 1 Tcctwtd: 

1 1 not r;;eived: 


3. Corrected date of actual receipt due to later but 
timely received papers or drawings completing 
the purported international application: 


4. Date of timely receipt of the required 
corrections under PCT Article 1 1(2): 


5. liucmalional Searching Authority . , 
(if two or more arc contpctcnt): ion. 1 


6. 1 1 Transmittal of search copy delayed 
1 1 until search fee is paid. 



Date of receipt of the record copy 
by the Inicriutional Bureau: 



For International Bureau use only 



Form PCT/RO IOI (last sheet) (July I99S: reprint July 2000) 



S<fe i^c'fs to the r^-^uest form 



77//J sheet is not pc nd does not count as a sheet of the internati 



}piication. 



PCX 



FEE CALCULATION SHEET 
Annex to the Request 



»:?c?=r P1999S004 



For receiving Onicc use only 



International application No. 



Date stamp of the receiving O ft icc 



Applicant 



EXXON RESEARCH AND ENGINEERING COMPANY 



CALCULATION OF PRESCRIBED FEES 

I. TRANSMITTAL FEE 



2. SEARCH FEE 

International search to be carried out by 



EUR 
EUR 



102 



-EE- 



945 



(If t\fO or more InUrnationat Searching Atttltorities are competent in relation to Ute international 
application, indicate ifte name of tite Authority which is chosen to carry oat Hie international search.) 



3. INTERNATIONAL FEE 
Basic Fee 

The international application contains 22 sheets. 



first 30 sheets EUR ■ 

X 



413 



bl 



remaining sheets 



additional amount 



b2 



Add amounts entered at bl and b2and enter total at 6 



413 



B 



Designation Fees c 
The international application contains ^ 

5 95 



designations. 



number of designation fees 
payable (maximum 8) 



amount of designation fee 



" L 



475 



D 



Add amounts entered at B and Dand enter total at I . EUR 

(Applicants from certain States are entitled to a reduction of 75% of the 
intentational fee. UJtere the applicant is (or all applicants are) so entitled, the 
total to be entered at I is 25% of the sum of the amounts entered at B and D.) 

4. FEE FOR PRIORITY DOCUMENT ri^fl;7/?/icfl&/e; .... 



5 TOTAL FEES PAYABLE £UR . 

Add amounts entered at T, S, I and P,and enter total in the TOTAL box 



888 



1935 



TOTAL 



I I The designation fees are not paid at this time. 



MODE OF PAYMENT 

E authorization to charge 
deposit account (see below) 

I I cheque 

I I postal money order 



|~| bank draft 
I } cash 

I I revenue stamps 



[ I coupons 

I I other (specijy): 



DEPOSIT ACCOUNT AUTHORIZATION (this mode of payment may not be available at all receiving Ojfices) 
The RO [)( I is hereby authorized to charge the total fees indicated above to my deposit account. 

|X I Ohis check'bo.x may be marked only if the conditions for deposit accouttts of the receiving Office so permit i is 
I— I hereby authorized to charge any delkiency or credit any overpayment in the tol:i! t'ces indicated abc\c to n\y 
deposit account. 



28300171 



□ is hereby authorized to charge the tee for preparation anJ Iransmiical of the priv»rity document lo the International 
Bureau of VVlPO to my deposit account. 



Ocposii Account No 



D a t e f c/u i m on ih Vifurj 



Signature 



KoriM PCT RO 101 iAnnc.s) (Janiiar> 2000; reprim July 2000) 



S^-e \otes to the fe^ caUuUttujft jA%vr 



1 ALLGEMEINE VOLLMACHi^ 
GENERAL AUTHORISATiHF 

POUVOIR GENERAL 



S 




Copie destin^e au mandataire 



AV Nr. (I 
GA No. 



>i jeder Korrespondenz angeben) 
PG n« (pridre de mentionner dans loute correspondance) 



Ich (Wir) / 1 (VtfeJTJe (Nous) ? 

'^ExxonMobil Research and Engineerinq^ Company . 
Florham Park, - ^ ^ -r r 

New Jersey, 

United States of America, 
Incorporated in the State of Delaware 



bevonmachlige(n) hiermit/do hereby authorise /autorise (autorisons) par la presente 

SOMERS, Harold Arnold 
FLETCHER WATTS, Susan Jane 

of: Esse Engineering (Europe) Ltd., Patents and Licences, Kailooinf 
70, Esso House, Ermyn Way, Leatherhead, Surrey KT22 8XE. United^ 
Kingdom: 

DEW, Melvyn John 

of: Exxon Chemical Europe Inc., Hermeslaan 2, B-1831, Machelen, 
Belgium. ' 



mI"!!!?/ den durch das Europaische PatentOberelnkommen geschaffenen Verfahren In alien meinen (unseren) Patentangelegenheiten zu vertreten 
alle Handlungen fur mIch (uns) vorzunehmen und Zahlungen fOr mIch (uns) In Empfang zu nehmen. » ^ «s len £u veare.-n. 

paZenU onX^ established by IJ^e European Patent Convention and to act for me (us) In all patent transactions and to receive 

d me (nous) repr6senter pour ce qui concemeloutesmesinos) affaires de brevet dans toute procedure Institufie par fa Convention surle brevet europ6-n 
et, t ce titre. d ag.r en mon (notre) nom el d recevoir des paiements pour mon (notre) compte. 

E ^''^'^^ verfahren nach dem Vertrag Qber die Internationale Zusammenarbeit auf dem Gebiet des Patenlweaens 

i— 1 Thrs authonsation shall also apply to the same extent to any proceedings established by the Patent Cooperation "ea^ 
Ce pouvotr s applique 6galemenl d loute procedure Institute par le Traits de cooperation en matiere de brevets. 

□ Weltere Vertreter sind auf einem gesonderten Blatt angegeben. /Additional representatives Indicated on supplementary sheeL 
Les autres mandatalres sont mentionnes sur une feuille suppl6menlaire. 

|xj Untervollmacht kann erteilt werden. / Sub-authorisation may be given. / Le pouvoir pourra etre d6l6gue. 
f I Bitte die gelbe Kopie. erganzt urn die Nr. der allgemeinen Vollmacht. an den Vollmachlgeber zurOcksenden 

' Please return the yellow copy, supplemented by the General Authorisation No., to the authorisor 

Pn6re de renvoyer la copie jaune au mandant, munie du n** du pouvoir general 



ort/Piace/Lieu LeatherheAd) Surrey, GB, Datum/Date 07 January 2000 



Unterschrift(en) / Signature(s) 



HAROLD ARNOLD' SOMERS 



i 



Authorised signatory 



angebei!) Unterzeichnelen m.t Schreibmaschine wiederholen (bei Juristischen Personen die Steilung des Unterschriftsberech^sien innerha-S der Geseiiscr.af: 

ipreiTa^stnal^^^^^^ parsonnes moraJea. de le personne ayani quaJitd pour sl^n.r,- Veoiilez Neuter a la macr^.e. 

apres la a.gnatufe. le (les) nom(5) du (des) signata.reO) en mentionnant. dans le cas de personnes morales, sea (lours) fonctions au sein de ta socle-i 



EPA/EPO/068 Form 1004.3 04.92 



^':3itte Obermittin die 3 Blatter 1 004. 1 -3 dem EPA in Munchen. Direktion 5.1.1, und beachten Sie Blatt 1 004.4. insbesondere Nr.3 b. 
Please forward the 3 sheets 1004.1-3 to the EPO at Munich. Directorate 5. M and pa> utteniicn to sheet 1004. \ especially pci^t 3 b 
Priere de faire parvenir les 3 feuilles 1004.1-3 d I'OEB & Munich. Direction S.I .1 et de te'niF.comote de N feuiile 1004.5. notainrnent uu po.ni 3 b. 

ALLGEMEINE VOLLMACHT I Z \\ w.'.r -r • »mtri>h.,^^^ / P^r • . 

GENERAL AUTHORISATION 9 cZ^ert^^^^^^ 

POU VOIR GENERAL Nr. der allgemeinen Vollmacht / General Authorisation No, 

N** du pouvoir g^n^ral ^ 



Ich (Wir) /I (We) / Je (Nous) 



EXXONMOBIL RESEARCH & ENGINEERING COMPANY 
180 Park Avenue 
Florham Park, NJ 07932 
U.S.A. 



bevollmachtige(n) hiernnit / do hereby authorise / autorise (autorisons) par la presente 

Anne MARESCHAL. 

having a professional address at 

Exxon Chemical Europe Inc., Law Technology. Hermeslaan 2. B-1831 Machelen, Belgium 



mich (uns) in den durch das EuropSische Patentubereinkommen geschaffenen Verfahren in alien meinen (unseren) Patentangelegenhelten 
2u vertreten, alle Handlungen fOr mich (Uns) vorzunehmen und Zahlungen fur mich (Uns) in Empfang zu nehmen. 

to represent me (us) in all proceedings established by the European Patent Convention and to act for me (us) in all patent transactions and to 
receive payments on my (our) behalf. 

a me (nous) representer pour ce qui concerne toutes mes (nos) affaires de brevet dans toute procedure instituee par la Convention sur le 
brevet europeen et, a ce titre, k agir en mon (notre) nom et ^ recevoir des paiements pour mon (notre) compte. 

I X I Die Vollmacht gilt auch fur Verfahren nach dem Vertrag uber die Internationale Zusammenarbeit auf dem Geblet des Petentwesens. 

This authorisation shall also apply to the same extent to any proceedings established by the Patent Cooperation Treaty. 

Ce pouvoir s'applique dgalement k toute procedure Instituee par le Tralt6 de cooperation en matlfere de brevets. 

I Weitere Vertreter sind auf einem gesonderten Blatt angegeben. / Additional representatives indicated on supplementary sheeL 

Les autres mandataires sont mentlonnes sur une feuiile supplementalre. 

[ X I Untervollmacht kann erteilt warden. / Sub-authorisation may be given. / Le pouvoir pourra etre delegue. 

SBitte die gelbe Kopie, erganzt um die Nr. der allgemeinen Vollmacht, an den Vollmachtgeber zurucksenden. 
Please return the yellow copy, supplemented by the General Authorisation No., to the authorisor. 
Priere de renvoyer la copie jaune au mandant, munie du n^ du pouvoir general. 



Ort/Place/Lreu Mactielen. Belgium . Datum / Date 22 May 2000 

i ^ _ A 

Unterschrift(en) / Signature(s) flX^j^Ji 

Melvyn John DEW 
Authorised Signatory 



Das Formbtatt muB vom (von den) Vollmachtgeber(n) (bei juristischen Personen vom Unterschrlftsberechtigten) eigennandig unterzeichne: sein. Nach :e: Unterschr*;: : 
den (die) Namen des (der) Unterzeichneten mit Schreibmaschine wiederholen (be* juristischen Personen die Slellung des Unterschrlftsberechtigten inr^-nafb der 
Gesellschaft angeben). 

The <orm must bear the personal signalure(s) of the authorlsor(s). (In the case of legal persons, that of the officer empowered to sign). Af:er the signalers, please type tr 
name(s) of the signalory(ies) adding, in the case of legal persons, his (their) position within Ihe company. 

Le formulaire doit Stre signe de la propre main du (des) mandant(s) (dans le cas de personnes morales, de la personne ayanl qualite pour s:gner). Veu.:e: ajocter a !a 
machine, apres la signature, le (les) nom(s) du (des) signataire(s) en mentionnant. dans le cas de personnes morales, ses (leurs) foncCiors au sem de 'a societe. 



EPA/EPO/OEB Form 1004.3 04.92 



For official use only 
General Authorisation N" 



GENERAL AUTHORISATION^ 



1 8826 



l(We)« 



EXXON RESEARC H AND ENGINEERING COMPANY , a Corporation duly 
organized ancl existing under the laws of the State of 
Delaware, Unitcjd States of America 

PO Box 390, Florham Park, New Jersey 07932, 
United States of America 



do hereby authorise^ 



VELDHUIZEN , Albert Dirk Willera 

Exxon Chemical Limited 
Exxon Chemical Technology Centre 
PO Box 1 
r^, Abingdon 

' Oxfordshire 0X13 6BB 
United Kingdom 



I I (Additional representatives indicated on supplementary sheet). 

to represent me (us) in all proceedings established by the European Patent Convention and to act for me (us) in alfpatent 
transactions and to receive payments on my (our) behalf. 



r% Substitute authorisation may be given. 
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(54) Title: CRYSTAL FORMAHON INHIBmON IN LUBRICATING COMPOSITIONS 

(57) Abstract: Lubricating oil fonnulations comprising base oil, such suUiir-phosphorous anti-wear/extreme pressure agents and 
such hindered phenol antioxidants which anti- wear/extreme-pressure agents and hindered phenolic antioxidants are prone to react 
and form crystals wherein the base oil is characterized as having a saturates content of less than 99 % which base oil is stabilized 
^ against the above mentioned crystal formation by the addition of a minor amount of a high molecular weight di- or polycazboxylic 
acid anhydride, or mixture thereof. 



wo 01/12762 PCT/EPOO/07910 
CRYSTAL FORMATION INHIBITION IN LUBRICATING COMPOSITIONS 



This invention relates to lubricating oil based on base stocks having 
less than 99 \vt% saturates content and containing one or more sulfur- 
phosphorus containing anti-wear/extreme pressure additives and one or more 
hindered phenol anti oxidants which combination are prone to crystal formation, 
wherein the formation of crystals is reduced or eliminated by the use of a 
crystallization suppressant. 

Lubricating oils containing various antioxidants or esters or fatty 
acid amides or sulfur-phosphorus additives in combination with phenols are 
known in the literature. 

U.S. Patent 5,167,844 is directed to a formulation comprising a base 
oil, at least one sulfur phosphorus containing compound, at least one amine and 
at least one hindered phenol. 

JP 07034078 is directed to a hydraulic oil comprising mineral oil 
with an aromatic content of up to 1.5 wt% and a phenolic £ind aminic anti- 
oxidant, an alkenyl succinic acid imide rust inhibitor and a phosphoric acid type 
anti wear agent. 

U.S. Patent 5,580,483 is directed for lubricating a refrigeration 
system compressor using a break-in lubricating oil which is an ester type oil. 
Additionally an adipate, phthalate, azelate, sebacate, trimellitate can also be 
present as well as tri hydrocarbyl phosphate, corrosion inhibitors such as alkali 
and/or alkaline earth metal sulfonate, antioxidants such as aminic or phenolic 
antioxidants and metal deactivators such as triazoles. 



CONFIRMATION COPY 
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5 

WO 91I\A116 is directed to hydraulic oils comprising base oils 
combined with an amine antioxidant, a phenolic antioxidant, a phosphate ester 
and a fatty acid amide and/or polyhydric alcohol ester. 

10 U.S. Patent 5,773,393 is directed to a composition comprising at 

least 70 wt% oil of lubricating viscosity and an amount effective to inhibit metal 
corrosion of a soluble additive comprising (a) at least one amide compound of a 
mono- or polycarboxylic acid or reactive derivative thereof and (b) at least 0.5 
equivalents of at least one primary or secondary amine per mole of amide 

15 provided that when (a) is an amide of a dicarboxylic acid and the amine is an 

alkanol amine the mixture contains more than 0.5 equivalent of the amine (b) per 
equivalent of the amide. 

The present invention is directed to a lubricating oil formulation 
20 having a reduced potential for the formation of crystals comprising a major 
amount of a lubricating oil base stock having less than about 99 wt% saturates 
content, preferably less than about 98 wt% saturates content, and a minor 
amount of additives comprising a mixture of sulfur-phosphorus containing anti- 
wear/extreme pressure additive, hindered phenol antioxidant and one or more 
25 high molecular weight di-, or polycarboxylic acid, anhydride or mixture thereof 
such as polyolefin succinic acid/anhydride, and to a method for reducing crystal 
formation in lubricating oil formulations comprising base oil having less than 
about 99 wt% saturates content, preferably less than about 98 wt% saturates 
content, and containing sulfur phosphorus anti-wear/extreme pressure additive 
30 and hindered phenolic anti-oxidant wherein the crystals are attributed to the 

interaction between the sulfur phosphorus containing anti-wear/extreme pressure 
agent and the hindered phenol by adding to said lubricating oil a minor effective 
amount of one or more high molecular weight di- or polycarboxylic acid or 
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5 anhydride such as polyolefin succinic acid/poiy olefin succinic anhydride and/or 
mixtures thereof. 

The lubricating base oil is any oil of lubricating oil viscosity having 
less than about 99 wt% saturates content, preferably less than about 98 wt% 
10 saturates content. 

Lubricating oils meeting this criterion arc any natural mineral or 
petroleum based lubricating oils derived from crude oil, tar sands, shale oil, etc., 
such that they contain a quantity of unsaturation resulting in a saturates content 

15 of less than of 99%, or a mixture of natural mineral or petroleum based lubricat- 
ing oils in combination with a base oil or oils having a saturates content of 
greater than 99 wt%, e.g. hydrocarbon oils such as white oils and/or severely 
hydrotreated, hydrocracked mineral oils, or synthetic oils such as poly alpha 
olefins, esters, isomerized wax or isomerized Fischer-Tropsch wax, the 

20 combination or mixture of such oils being characterized as having less than 

about 99 wt% saturates. Saturates content, for the purposes of this specification, 
is a measure of the absence of aromatic species, and was determined by high 
pressure liquid chromatography (HPLC) according to method IP 368, except 
where otherwise expressly indicated. 

25 

The lubricating oil base stocks useful in the present invention have 
the typical lubricating oil viscosity, usually possessing kinematic viscosities in 

the range of about 1.5 to 500 mm2/s at 100°C, preferably 5 to 120 mm2/s at 
lOO^C. 

30 

Mineral or petroleum based lubricating oil base stocks can be 
derived from paraffinic, naphthenic and mixed base crudes. Conventional 
refinery techniques include distillation, solvent and/or catalytic dewaxing. 
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5 solvent extraction, hydrofmishing, hydrocracking, vis breaking, deasphalting, 
etc. 

Synthetic lubricating oils that can be used include esters of di- and 
tri-basic acids, reacted with linear or branched aliphatic alcohols such as C^-Cis 

10 alcohols, such as di-2-ethylhexyl sebacate, phthatic ester esters of glycols such 
as Ci3 oxo acid di ester or tetraethylene glycol, or complex esters such as one 
formed from 1 mole of sebacic acid and 2 moles of tetraethylene glycol and 2 
moles of 2-ethylhexanoic acid. Other synthetic oils that can be used include 
synthetic hydrocarbons such as alkyl benzenes, e.g., alkylate bottoms from the 

15 alkylation of benzene with tetrapropylene, or the copolymers of ethylene and 
propylene; silicone oils, e.g., ethyl phenyl polysiloxanes, methyl polysiloxanes, 
etc.; polyglycol oils, e.g., those obtained by condensing butyl alcohol with 
propylene oxide; carbonate esters, e.g., the product of reacting oxo alcohol 
with ethyl carbonate to form a half ester followed by reaction of the latter with 

20 tetraethylene glycol, etc. Other suitable synthetic oils include the polyphenyl 
ethers, e.g., those having from about 3 to 7 ether linkages and about 4 to 8 
phenyl groups. 

Other suitable oils are the polyol ester oils made by reacting an 
25 aliphatic polyol with carboxylic acid. Aliphatic polyols contain from 4 to 15 
carbon atoms and has from 2 to 8 esterifiable hydroxyl groups. Examples of 
polyols are trimethylolpropane, pentaerythritol, dipentaerythritol, neopentyl 
glycol, tripentaerythritol and mixtures thereof. The carboxylic acid reactant is 
selected from aliphatic monocarboxylic acid or mixtures of aliphatic mono 
30 carboxylic acids or mixtures of aliphatic mono- and di-carboxylic acids. The 
carboxylic acids contain 4 to 12 carbons and include straight and branched chain 
carboxylic acids. 
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5 Included in the group of synthetic oils are those recovered from tar 

sands, shale oil, light hydrocarbons produced via, for example, the Fischer- 
Tropsch process for converting synthesis gas (CO and hydrogen) into hydro- 
carbons, wax isomerate oils produced by the catalytic hydroisomerization of 
natural petroleum waxes (i.e., slack wax) or synthetic waxes (i.e., Fischer- 

10 Tropsch waxes) or mixtures of such waxes. See USP 5,059,299 and USP 

5,158,671 for description of wax isomerization and the oils produced thereby. 
Other synthetic oils include the polyolefins such as polybutene, polyisobutenes 
and especially the polyalphaolefins, i.e., fluids formed by the oligomerization of 
at least one 1-alkane hydrocarbon having from 6 to 20 carbons, preferable 8 to 

15 16 carbons, more preferably 8 to 12 carbons. 

Regardless of the source of the oil, for the purposes of the present 
invention, the lube oil base stock, be it a single oil or a mixture of oils, is 
characterized as having a saturates content of less than about 99%, preferably 
20 less than 98 wt%. 



Sulftir-phosphoms containing anti-wear/extreme pressure additives 
are well known in the industry, and are materials containing both sulfrir and 
phosphorus in the same molecule. For the purpose of the present specification, 

25 and appended claims sulfur-phosphorus containing anti wear, extreme pressure 
additives are those which react with hindered phenols to produce crystals. Those 
skilled in the formulation art can readily determine without expenditure of 
inventive effort, whether a particular sulfiir-phosphorus containing anti- 
wear/extreme pressure agent reacts with hindered phenol anti-oxidant to produce 

30 crystals. If it does not, it is not within the scope of this invention. Any sulfiir- 
phosphorus containing anti-wear/extreme pressure agent which is found to react 
with hindered phenol antioxidant to produce crystals in the subject base oil is 
within this invention and formalities containing such agents and phenolic 
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5 antioxidants will be beneficially affected is evidenced by reduction on 

elimination of crystal formation by the addition of the high molecular weigh di- 
or poly carboyxlic acid, anhydride or mixture thereof, as shown below, provided 
such carboxylic acid, anhydride or mixture thereof is used in an amount of at 
least about 0.0013 wt% for each 1 ppm phosphorus attributable to the sulfur- 
ic phosphorus containing anti-wear/extreme pressure agent. 

Sulfur-phosphorus anti-wear/extreme pressure additives which 
interact with hindered phenols to produce crystals are exemplified by, but not 
limited to, materials of the type: 



15 



20 



Ri(X) —?—(X)R^ 
(X)R2 

wherein Rj, R2 and R3 are independently hydrogen or hydrocarbyl provided at 
least one is hydrocarbyl so as to render the material oil soluble and X is sulfur. 



The hydrocarbyl groups preferably contain form 1 to 40 carbons and 
are aromatic and/or aliphatic groups and include aryl alkyl and alkaryl and 
aralkyl and heteroatom substituted aromatic and aliphatic group, the heteroatom 
substitutents being sulfur, nitrogen or oxygen substitutented as such into the 
25 hydrocarbon skeleton or as sulfur, oxygen or nitrogen containing moiety, e.g., 
—ORy, — SH, — SO2H, — N(Ry)2, — C— RxORy, 

000 
— 1! — ORy , — Rx 1 — Rx , — C — C — ORy 
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5 etc., and mixtures thereof substituted onto or into the hydrocarbon backbone, 
wherein Rx is C1-C20 hydrocarbyl or hydrocarbylene group and Ry is hydrogen 
or a C1-C20 hydrocarbyl or hydroceirbylene. 

Such sulfiir-organo phosphorus containing anti-wear/extreme 
10 pressure agent is typically used at a concentration sufficient to provide of from 
about 2 ppm to 320 ppm phosphorus, preferably 40 ppm to 200 ppm phosphorus, 
most preferably about 80 ppm to 130 ppm phosphorus. 



An example of a sulfur phosphorus anti-wear/extreme pressure 
15 additive which has been found to react with hindered phenols to form crystals is 
a material is 2-ethylhexyl 10-ethyl-4-[[2-[(2 ethylhexyl)-oxyl]-2-oxoethyl] thio]- 
7-oxo-8-oxa-3,5-dithia-4-phospha tetradecanoate, CAS # 83547-95-9. Based on 
the name and the CAS number, it is believed this material has the following 
structure: 



O o 



20 




It must be noted that for the purposes of the present invention metal 
dihydrocarbyldithiophosphate (metal DDP) or ashless DDP do not fall within the 
above definition of sulfur-phosphorus containing anti-wear/extreme pressure 
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5 additive because it has been found that they do not form crystals when combined 
with hindered phenols in base oils. 



Such materials include by way of example and not limitation 2,6-di-t-butyl 
10 phenol, 2,6-di-t-butyl alkylated phenol where the alkyl substituent is hydrocarbyl 
and contains between 1 and 20 carbon atoms, such as 2,6-di-t-butyl-4-methyl 
phenol, 2,6-di-t-butyl-4-ethyl phenol, etc., or 2,6-di-t-butyl-4-alkoxy phenol 
where the alkoxy substituent contains between 1 and 20 carbons such as 2,6*di-t- 
butyl-4-methoxyphenol; materials of the formula 



where X is zero to 5, Rg and R9 are the same or different and are C1-C2O 
hydrocarbyl which may contain oxygen or sulfur or be substituted with oxygen 
or sulfur containing groups; and materials of the formula 



where y is 1 to 4 and Rjo is a Ci to C20 hydrocarbyl which may contain oxygen 
sulfur or nitrogen or be substituted with oxygen, sulfur or nitrogen containing 
groups such as 2,6 di tert butyl a dimethylamino P-cresol, 



Hindered phenolic anti oxidants are also well known in the industry. 



IS 




n 




25 
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HO — (0^~ CH2CH2C— ORi 1 • 



IV 



wherein it is believed Rj j is CgCiy (CAS # 125643-61-0), and mixtures of such 
phenolic type antioxidants. 

10 Preferably the phenolic anti-oxidant contains an ester group, such as 

in formula IV above. 

Phenolic type anti oxidants are typically used at a concentration of 
from about 0.01 to 2.0 wt%, preferably about 0.1 to 1.0 wt%, most preferably 
15 about 0.3 to 0.5 wt%, based on active ingredient. 

In order to prevent or at least minimize the formation of crystals in 
lubricating oils based on base stock having less than 99% saturates preferably 
less than 98 wt% saturates and containing a mixture of sulfur-organo phosphorus 
20 anti-wear/extreme pressure additive and phenolic anti-oxidant, wherein the 

sulfur phosphorus containing anti-wear/extreme pressure agent interests with the 
hindered phenol to produce crystals a minor, crystal preventing effective amount 
of a high molecular weight carboxylic acid, anhydride or mixture thereof is 
added to the lubricating oil formulation. 

25 

The carboxylic acid or anhydride can be any high molecular weight 
acid such as di- or polycarboxylic acid, anhydride or mixture thereof of 
molecular weight of about 300-5000. Such acids, anhydrides or mixtures thereof 
include polyhydrocarbylene substituted di- or polycarboxylic acids or anhydrides 
30 wherein the poly hydrocarbylene group has a molecular weight in the range 300 
to 5000, preferably 750 to 2000, most preferably 900 to 1000 (e.g.. 
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5 polyisobutylene) and wherein the carboxylic group is, e.g., succinic or maleic 
acid, anhydride or mixture thereof- 

Poly hydrocarbylenes are homopolymer or interpolymers of 
polymerizable olefin group containing monomers having from 2 to 16 carbons. 
10 Interpolymers are those made using two or more different olefinic groups 

containing monomer including monomer such as styrenes. Poly hydrocarbylene 
homo and interpolymers are well known in the literature and to those skilled in 
the art and need not be further described herein. 

15 Preferably the carboxylic acid or anhydride or mixture thereof used 

is polyalkylene succinic or maleic acid, anhydride, or mixtures thereof, most 
preferably polyisobutylene (PIB) succinic acid, anhydride or mixtures thereof 
wherein the PIB group has a molecular wei^t of about 900 to 1000. 

20 Such high molecular weight carboxylic acids, anhydrides are 

employed in an amount in the range of about 0.0026 to 0.8 wt%, preferably 
about .08 to 0.4 wt%, most preferably about 0.12 to 0.24 wt%, based on active 
ingredients. 

25 In general, at least 0.0013 wt% of hi^ molecule weight carboxylic 

acid, anhydride or mixture thereof is used for each I ppm phosphorous from the 
sulfiir-organo phosphorus anti-wear/extreme pressure agent. 

EXAMPLES 

30 

Example 1 

This example (Table 1) is presented to show that, in a base stock 
having a saturates content of less than 99 wt%, the combination of a sulfur- 
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phosphorous anti*wear/extreme pressure agent with a hindered phenol results in 
crystal formation while the combination of a sulfur free phosphate extreme 
pressure agent and hindered phenol does not result in crystal formation. 



TABLE 1 



Crystals at 

3 months 



Base oil (1) + .55 wt% sulfur- + 0.4 wt% hindered yes 

phosphorus extreme phenol (3) 
pressure agent (2) 

Base oil (1) + .4 wt% hindered + .55 wt% sulfur no 
phenol free phosphate EP 

agent (4) 



(1) solvent refined base oil, about 88% saturates 150 SN oil 

(2) sulfur phosphorus extreme pressure agent CAS #83547-95-9 which is 60% 
sulfur-phosphorus component active ingredient (also contained C4-Cg 
diphenyl amine as balance of additive) 

15 (3) 100% active ingredient, CAS # 125643-61-0 

(4) 100% active ingredient, isopropylated triaryl phosphate 

The resulting lubricant had a phosphorus content of 120ppm by weight, 
measured according to standard test ASTM D5 185-97, attributable to the 
sulphur-phosphorus extreme pressure agent (which was the sole phosphorus- 
20 containing component contained in the lubricant formulation) 

Example 2 

This example (Table 2) is presented to show that crystal formation is 
25 eliminated in formulations normally exhibiting crystal formation by the addition 
of high molecular weight anhydride but that crystal formation is not eliminated 
by the addition of high molecular weight anhydride-poly amine dispersant, or by 
the addition of esters. All formulations tested in this example fiirther contained 
typical pour point depressants, anti-rust agent and an amino para cresol 
30 antioxidant. 
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Example 3 

This example (Table 3) is presented to show the effect of base stock 
saturation on the suppression of crystal formation when using PIBSA in 
combination with sulfur phosphorus extreme pressure agent and hindered 
phenol. 
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5 

From this it is seen that in base oils having less than 99% saturates 
and containing mixtures of sulfur-phosphorus extreme pressure agent and 
hindered phenol, which are prone to crystal formation, crystal formation is 
suppressed on adding PIBSA where as in base oils of essentially 100% saturates 
10 content even addition of PIBSA failed to prevent crystal formation and even 
increasing PIBSA concentrate to 0.8 wt% (active ingredient) did not prevent 
crystal formation. 
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5 CLAIMS : 

1 . A lubricating oil of reduced crystal formation potential 
attributable to the interaction of sulfur phosphorus containing anti-wear/extreme 
pressure agents and hindered phenolic antioxidants comprising a major amount 

10 of a base oil of lubricating viscosity and having less than about 99 wt% saturates 
content, and a minor amount of additive comprising a sulfur-phosphorus 
containing anti-wear/extreme pressure additive, a hindered phenol antioxidant 
and a high molecular weight di- or poly- carboxylic acid, anhydride or mixture 
thereof provided at least 0.0013 wt% high molecular weight carboxylic acid, 

15 anhydride or mixture thereof is present for each 1 ppm phosphorus attributable 
to the sulfur phosphorus containing anti-wear/extreme pressure agent. 

2. The lubricating oil of claim 1 wherein the sulfur-phosphoms 
anti-wear/extreme pressure agent is in an amount sufficient to provide about 

20 2 ppm to 320 ppm phosphoms, the hindered phenol antioxidant is at a 

concentration of from about 0.01 to 2.0 wt% based on active ingredient and the 
high molecular weigh di- or poly-carboxylic acid is at a concentration of in the 
range of about 0.0026 to 0.8 wt% based on active ingredient. 

25 3. The lubricating oil of claim 1 or 2 wherein the sulfur-phosphorus 

containing anti-wear/extreme pressure agent is in an amount sufficient to provide 
from 40 ppm to 200 ppm phosphorus. 

4. The lubricating oil of claim 1 or 2 wherein the sulfur-phosphorus 
30 containing anti-wear/extreme pressure agent is in an amount sufficient to provide 
from 80 ppm to 130 ppm phosphorus. 
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5 5. The lubricating oil of any preceding claim wherein the hindered 

phenol is at a concentration of about 0.1 to 1 .0 wt% based on active ingredient. 

6. The lubricating oil of claim 2, 3 or 4 wherein the hindered 
phenol is at a concentration of about 0.3 to 0.5 wt% based on active ingredient. 

10 

7. The lubricating oil of claim 2, 3 or 4 wherein the high molecular 
weight di- or poly-carboxylic acid, anhydride or mixture thereof is at a 
concentration of about 0.08 to 0.4 wt% based on active ingredient. 



15 8. The lubricating oil of any preceding claim wherein the high 

molecular weight di- or poly-carboyxlic acid anhydride or mixture thereof is at a 
concentration of about 0.12 to 0.24 wt% based on active ingredient. 

9. The lubricating oil of any preceding claim wherein the high 
20 molecular weight di- or poly-carboxylic acid, anhydride mixture thereof is a 

polyhydrocarbylene substituted di- or poly-carboxylic acid, anhydride or mixture 
thereof wherein the polyhydrocarbylene group has a molecular weight in the 
range 300 to 5,000. 

25 10. A method for reducing crystal formation in lubricating oil 

containing a mixture of sulfur phosphorus anti-wear/extreme pressure agent and 
hindered phenols antioxidant wherein the sulfur-phosphorus anti-wear/extreme 
pressure agent interacts with the phenolic antioxidant to produce crystals, such 
method comprising adding to a major amount of a base oil of lubricating 

30 viscosity having a saturates content of less than 99 wt%, a minor amount of 

additives comprising a sulfur-phosphorus containing anti-wear/extreme pressure 
agent a hindered phenol antioxidant and a high molecular weigh di- or poly- 
carboxylic acid, anhydride or mixture thereof provided at least 0.0013 wt% of 
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the high molecular weight di- or poly-carboxylic acid, anhydride or mixture 
thereof is used for each 1 ppm phosphorus attributable to the sulfiir-phosphorus 
containing anti-wear/extreme pressure agent. 
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